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Differential expression of genes in cultured cotton cells and leaf disks that have been challenged with a purified elicitor from Verticillium
dahliae, was investigated in order to identify genes involved in the early defense response of cotton. The mRNA differential display reverse
transcriptase polymerase chain reaction was used to identify differentially expressed genes 5 h after application of 50 μg mL−1 Verticillium
dahliae elicitor. Sequence analysis of selected amplicons revealed homologies with genes involved in metabolism of carbohydrate precursors for
cell wall synthesis. cDNAs identified that were up-regulated after elicitor treatment coded for homologs to a UDP-N-acetylglucosamine
pyrophosphorylase-like protein, a glucosyltransferase-like protein, a beta-1,4-N-acetylglucosaminyltransferase, a cellulose synthase-like protein, a
3-deoxy-D-manno-octulosonic acid transferase-like protein and a hydroxyproline-rich glycoprotein. In addition, one cell wall-related cDNA that
was down-regulated after elicitor treatment, coded for a proline-rich protein family member homolog. The differential expression of the cDNAs
up-regulated after the Verticillium dahliae elicitor treatment was confirmed with reverse Northern dot blots. These results indicate that metabolic
reprogramming through the enhanced synthesis of carbohydrate precursors accompanies the activation of de novo cell wall synthesis. As such it is
important for the understanding of early defense related responses in cotton and for their biotechnological manipulation.
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The importance of constitutive barriers such as the plant cell
wall in innate or non-host immunity is widely recognized. In
addition, plants have evolved intricate, multi-layered mechan-
isms to defend themselves against pathogen attack. These
defense mechanisms consist of a series of inducible responses
that can alter and strengthen constitutive barriers to contribute to
enhanced resistance (Hammond-Kosack and Jones, 1996;
Schenk et al., 2000).
Much effort has been devoted to identification of these
responses to pathogen invasion, as well as the identification of
the induction of genes transcribed that code for defenseAbbreviations: BLAST, basic local alignment search tool; BTH, benzothia-
diazole carbothioic acid S-methyl ester; DD, differential display; HRGP,
hydroxyproline-rich glycoprotein; KDO, 3-deoxy-D-manno-octulosonate; ROS,
reactive oxygen species.
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doi:10.1016/j.sajb.2005.12.012responses. These studies typically employ biochemical and
physiological analysis of cultured cells or intact plants that have
been challenged with pathogens or purified elicitors as well as
chemicals that also induce similar defense responses in plants
(Benhamou, 1996).
Recognition at the site of infection initiates cellular signalling
processes. Immediately downstream of elicitor recognition, early
signal transduction pathways activate plasma membrane-bound
enzymes and evidence indicates that activation of protein kinases,
phosphatases and G proteins are involved (Hammond-Kosack
and Jones, 1996). The regulation of these plasma membrane-
bound enzymes appears to mediate the activation of ion fluxes
across the plasma membrane and a burst of oxygen metabolism
that produces reactive oxygen species (ROS), such as superoxide
and hydrogen peroxide are some of the initial responses detected
in plant cells (Blumwald et al., 1998). Generation of H2O2 and
other active oxygen species may be directly antimicrobial, as well
as being involved in the cross-linking of cell wall-bound proline-
rich proteins (Lamb and Dixon, 1997). Additionally, Ca2+ ionts reserved.
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kinases involved in the activation of defense responses (Jonak et
al., 1999).
An increase in the intracellular Ca2+ concentration also acti-
vates β-1,3-glucan synthase, a constitutive membrane-bound
enzyme that converts UDP-glucose into β-l,3-glucan polymers,
and result in the subsequent local deposition of callose from the
plasma membrane onto the adjacent cell wall (Kauss et al., 1990;
Benhamou, 1996). Substantial accumulation of callose at the sites
of potential fungal penetration functions as an effective early
response for delaying pathogen spread, while allowing the plant
to prepare complementary responses requiring the transcriptional
activation of defense genes. Unlike phenolics, callose does not
contribute to the creation of a fungi toxic environment, but it may
provide a template for potential binding sites for lignin-like
compounds. Enrichment of both the host cell walls and wall
appositions with phenolic or lignin-like polymers is likely to
provide a further permeability barrier preventing pathogen spread
and enzyme-catalysed degradation (Smit and Dubery, 1997; De
Ascensao and Dubery, 2000).
Verticillium dahliae, the causative agent of Verticillium wilt
in cotton, is responsible for the greatest economic losses in
cotton crops. There are no curative measures once the plants are
infected by V. dahliae and if it is not effectively controlled it can
negatively affect the long-term viability of the cotton industry.
Control measures against Verticillium wilt entail that fields are
not sown with cotton in consecutive years. However, V. dahliae
can survive as microsclerotia for many years in the absence of a
susceptible plant (Swanepoel, 2002).
The differential display technique was used to study diffe-
rential gene expression patterns related to V. dahlia elicitor per-
ception in cotton. Differential display RT-PCR (DDRT-PCR) is
an mRNA fingerprinting technique that allows identification,
comparison and isolation of differentially expressed genes in
various in vitro and in vivo systems (Liang and Pardee, 1992;
Jurecic and Belmont, 2000). Advantages of this technique are
that it is very sensitive and reproducible and that it requires low
quantities of mRNA starting material. Differentially displayed
cDNA amplicons were identified in cotton leaf and cultured cells
upon elicitor treatment. In this communication those related to
cell wall synthesis and strengthening are described and discussed.
This study extends upon previous findings (Smit and Dubery,
1997; Dubery and Slater, 1997) to further elucidate the
mechanism of inducible defense responses against V. dahliae in
cotton. The up- or down-regulation of groups of cell wall-related
genes may also provide insights into the dynamics of wall
modification processes during attempted pathogen infection
(Rose et al., 2004) and may support biotechnological applications
in cultivar improvement and plant breeding.
2. Materials and methods
2.1. Plant material and cell culture
Seeds of the cotton cv. OR-19 were obtained from the ARC-
Institute for Industrial Crops, Rustenburg, South Africa.
Sterilized seeds were planted in 45 cm diameter pots containingpotting soil. The plants were grown in a greenhouse with a 16 h
light/8 h dark photoperiod and temperature was maintained at
25±3 °C. Six-week-old plants that were 25–30 cm tall and had
not set flower buds were used in the studies. Secondary leaves
from the plants were collected to obtain 1 g of leaf sample for
induction of defense mechanisms.
A continuous cell suspension culture of the cotton cv. OR-19,
derived from callus, was maintained on a rotary shaker at
150 rpm and 25 °C, in media consisting of Murashige and Skoog
basal salts with B5 vitamins containing 0.2 mg mL−1 2,4-D
(dichlorophenoxyacetic acid, Sigma) and 2 mg mL−1 NAA
(naphthalene acetic acid, Sigma) and 30 g L−1 glucose, pH 5.8.
Cell cultures were subcultured every 7 days. Throughout the
experimental procedures cell cultures were used 3 days after
subculturing.
2.2. Pathogen-derived elicitor
The Verticillium dahliae elicitor used was prepared as
previously described (Dubery and Slater, 1997) from the heat-
released fraction of the mycelial cell walls. The elicitor
corresponds to the non-dialysable fraction, which in addition
to the carbohydrate contains 10% protein.
2.3. Induction of defense responses
Cell suspension cultures (20mL) were inoculatedwith 1mLV.
dahliae elicitor (final concentration 50 μg mL−1) or 1 mL sterile
distilled water for the controls. The samples were incubated for
5 h at 25 °C,while shaking on a rotary shaker at 120 rpm. The time
point of 5 h was chosen to allow for initial perception of the
elicitor, signal transduction and gene activation to match that of
the early response genes. Cell viability was determined 24 h
following addition of the V. dahliae elicitor to the cultures by
means of a triphenyltetrazolium chloride assay (Towill and
Mazur, 1975).
Leaf disks (1 g per experimental condition) were cut with a
10 mm diameter punch. The disks were floated for 5 h at room
temperature, with gentle shaking, in 20 mL sterile distilled
water (controls) or containing a concentration of 50 μg mL−1 V.
dahliae elicitor.
2.4. RNA extraction and analysis
RNA from cotton cell suspensionwas isolated according to the
RNeasy® Plant Mini Kit (Qiagen) for RNA preparation from
plant sources with a high content of polysaccharides, polyphenols
and other secondary metabolites, and high levels of ribonuclease
activity. RNA from cotton leaf disks was isolated according to a
modified ‘hot borate’method (Hall et al., 1978;Wan andWilkins,
1994). The isolated RNAwas quantified spectrophotometrically
as well as with an ethidium bromide dot quantification procedure
(Ausubel et al., 1995) and fluorescence using RiboGreen™
(Molecular Probes). RNA quality was verified in a 1.2%
denaturing agarose gel (w/v) in 1× MOPS/EDTA buffer
(0.02 M MOPS (3-[N-Morpholino] propanesulphonic acid),
5 mM EDTA, pH 7).
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Synthesis of double-strand cDNA was performed with the
RNAimage kit (GenHunter Corporation, Nashville, TN, USA)
on Dnase I treated total RNA. A one-base anchor oligo-dT
primer (5′-AAGCTTTTTTTTTTTM-3′, where M=A/G/C)
was used in combination with the arbitrary H-AP1-8 primers
from GenHunter Corporation (Table 1). PCR cycling conditions
were modified according to Lorkowski et al. (2000) by
increasing the extension time in a stepwise fashion. The cycling
conditions consisted of pre-denaturing at 94 °C for 5 min,
followed by 40 cycles of 94 °C for 30 s, 40 °C for 90 s and 72 °C
for 60 s (increasing in increments of 20 s per cycle to 540 s). The
final extension was performed at 72 °C for 7 min.
For direct control vs. induced comparison, the 35S-labelled
PCR amplicons derived from the cDNA of the different mRNA
sub-populations, were visualized with 6% denaturing polyacryl-
amide DNA electrophoresis (Liang and Pardee, 1992) by running
denatured cDNA samples for 1.5 h at 45 W at 52 °C. Electro-
phoresis was terminated after the xylene cyanol band reached
two thirds into the gel. With the gel bonded onto the glass plate,
the gel was fixed in 5% acetic acid, 5% methanol solution for
15 min and washed in dH2O for 10min. The gel was exposed to a
BioMAX MR film (Eastman Kodak). Bands on autoradiographs
were visually analysed and compared between control and
elicitor treated cotton cell suspension cultures as well as for
cotton leaf disks. Differentially displayed bands were cut from
the dried gel, using the autoradiograph as a template.
The cDNA samples were eluted in 100 μL dH2O and used as
templates for PCR reamplification, in accordance with the
method by Domachowske and Malech (1997). Cycling con-
ditions used were the same as for DDRT-PCR, except for the
PCR cycling condition according to Lorkowski et al. (2000),
where the extension time was not increased in a stepwise
fashion but was at a set time of 60 s.Table 1
Characteristics of the primers used in DDRT-PCR
Primer Sequence
(5′–3′)
Length Td
1
(°C)
Tm
2
(°C)
Tm
3
(°C)
− ΔG
(25 °C)
(kcal/mol)
Arbitrary
H-AP1 AAGCTTGATTGCC 13 46.1 48.5 38 25.1
H-AP2 AAGCTTCGACTGT 13 35.9 48.5 38 23.0
H-AP3 AAGCTTTGGTCAG 13 37.1 48.5 38 23.4
H-AP4 AAGCTTCTCAACG 13 37.5 48.5 38 23.6
H-AP5 AAGCTTAGTAGGC 13 33.6 48.5 38 22.8
H-AP6 AAGCTTGCACCAT 13 41.5 48.5 38 24.8
H-AP7 AAGCTTAACGAGG 13 38 38.5 38 24.2
H-AP8 AAGCTTTTACCGC 13 42.6 48.5 38 26.0
Anchor
H-T11A AAGCTTTTTTTTTTTA 16 44.3 44.4 36 28.2
H-T11G AAGCTTTTTTTTTTTG 16 47.1 44.4 36 29.1
H-T11C AAGCTTTTTTTTTTTC 16 46.1 44.4 36 28.8
1Td (dissociation temperature)=nearest neighbour method.
2Tm (melting temperature)=% GC method.
3Tm (melting temperature)=2×(A+T)+4×(G+C) rule.The successful reamplification of the excised cDNA was
verified in a 1.5% (w/v) agarose (16×13 cm) gel in 1× TBE
(0.09 M Tris base, 0.09 M boric acid, 2 mM EDTA, pH 8) for
1 h at 10 V cm−1 and the size of the cDNA band determined by
comparison to a 100 bp ladder (Promega). Ethidium bromide-
free cDNA (100 bp–10 kb) was recovered from stained agarose
gels with GenElute™ Minus EtBr spin columns (Sigma) and
the reamplified DNA assessed for quality on agarose gels.
cDNAwas quantified using fluorometry (bizbenzimide H33258
fluorochrome, Hoechst), according to the manufacturer's
instructions (Polysciences).
2.6. Cloning and sequencing of differentially displayed PCR
amplicons
Purified cDNA (1–7 μL) was A-tailed at the 3′ terminal
according to the pGEM-T Easy (Promega) instructions. The PCR
products were ligated to the T-tailed vector and used to transform
JM 109 competent cells (Promega). For verification of the
presence of inserts, colony PCR was performed with T7 and SP6
primers (Ausubel et al., 1995). The PCR products were analysed
on a 1.5% (w/v) agarose gel in 1× TBE at 10 V cm−1 in the
presence of a 100 bp ladder. Positive clones were grown
overnight at 37 °C in Luria Bertani (LB)-broth with 100 μg mL−1
ampicillin. Sequencing was performed according to DYEnamic
ET dye terminator cycle sequencing kit for MegaBACE (Sanger
et al., 1977). All reactions were performed according to the
manufacturer's instructions and cycle sequenced in a GeneAmp
PCR System 9 700 (Perkin Elmer, Applied Biosystems). Se-
quences were submitted to GenBank as dbESTs.
Database searches were carried out using search algorithms
(Altschul et al., 1990) provided by the National Centre of
Biotechnology Information (NCBI) at National Institutes of
Health (NIH) using basic local alignment search tool (BLAST)
(http://www.ncbi.nlm.nih.gov/BLAST/). Further sequence
alignments, beyond the initial BLAST similarities, were
obtained using the DNAassist 2 program (www.dnassist.org/
patterton/software.htm).
2.7. Reverse Northern dot blot
To screen for cDNA amplicons, which truly represent
differentially expressed mRNAs, a reverse Northern dot blot
screening method (Liang and Pardee, 1992) was performed in
duplicate. The selected PCR-amplified cDNA inserts (500 ng)
were denatured and blotted in duplicate onto MagnaCharge
nylon membranes (Osmonics), washed and subsequently
immobilized by baking at 80 °C for 1 h under vacuum on a
slab gel dryer. The cDNA probes were synthesized from 10 μg of
each of the total RNA samples [untreated cotton cell suspension
cultures (control RNA) and 5 h V. dahliae elicitor treated cotton
cell suspension cultures or cotton leaf disks by reverse trans-
cription and labelling in a reaction containing 50 μCi [α-32P]
dCTP and 50 μCi [α-32P] dATP (3000 Ci mmol−1, Amersham
BioSciences). The unincorporated 32P labelled deoxynucleotides
were removed with the QIAquick PCR purification kit (Qiagen).
The membranes were prehybridised, hybridized and washed
a) b)
 C              T 
C1B3 
C4B13 
C5B7 
C6B2 
L2B2 
L5B2
C          T 
Fig. 1. Representative differential display of cDNAs derived from mRNA in
control and treated cotton tissues. 1a: Lane (C): control cells. Lane (T): cells
treated with 50 μg mL−1 V. dahliae elicitor for 5 h. The middle lane corresponds
to cDNAs derived from cells treated with beta-aminobutyric acid, a potentiation
agent of defense responses. RT-PCR was performed with isolated mRNA using
the H-AP1, 4, 5 and 6 arbitrary primers for cultured cells and the H-AP2 and 5
arbitrary primers for leaf disks, in combination with the anchor primer H-T11A/
G/C. 1b: cDNA fragments corresponding to differentially expressed genes are
indicated by black and white arrows, for up- or down-regulated fragments,
respectively. Labels are presented according to the tissue types and arbitrary
primer used. The first letter represents the tissue type used (C = cell suspension
cultures; L = leaf disks). The first number represents the arbitrary primer (H-
AP#), the second letter, B, represents the PCR amplification conditions
([Lorkowski et al., 2000]), and the last number represents the position on the gel.
470 M. Zwiegelaar, I.A. Dubery / South African Journal of Botany 72 (2006) 467–472according to the Rapid-hyb buffer manufacturer's protocol
(Amersham BioSciences). The mRNA-derived probes were
denatured at 95 °C for 5–10 min and placed on ice, until added.
Following washing, the membranes were covered in plastic wrap
and autoradiographed at −80 °Cwith BioMAXMS film (Kodak)
for 2–7 days.
3. Results
Elicitor concentrations need to be high enough to trigger a
measurable defense, yet be low enough not to induce extensiveTable 2
Cell wall-related DDRT-PCR amplicons from cotton exhibiting differential regulatio
Clone Homology
C1B3 (557 bp) dbEST26312569 UDP-N-acetylglucosamine pyrophosphory
C4B13 (170 bp) dbEST26312570 UDP-N-acetylglucosamine: alpha-1,3-D-ma
(AB024906S2) Glucosyltransferase (NM_
C6B2 (192 bp) dbEST26312571 Cellulose synthase (BT004213)
L2B2 (277 bp) dbEST26312572 3-deoxy-D-manno-octulosonic acid transfer
L5B2 (192 bp) dbEST26312573 Hydroxyproline-rich glycoprotein (AY081
C5B7 (212 bp) dbEST26312574 Proline-rich protein (NM_116133)
Accession numbers are presented in bold.cellular damage that can lead to non-specific secondary effects.
As the concentration of the inducer is an important factor in the
induction of defense responses, the most effective concentration
was estimated by means of cell viability assays (Towill and
Mazur, 1975). The percentage of cells viable after V. dahliae
elicitor treatment over a 24 h time period decreased with
increasing concentrations (results not shown), but at 50 μg mL−1
the viability of the cells was not affected so as to interfere with
the launching of an effective defense response. This concentra-
tion, was used in all further experiments for eliciting defense
responses without triggering secondary, cell-death related,
responses (Dubery and Slater, 1997).
Total RNA was isolated from both cotton cell suspension
cultures and leaf disks treated with either V. dahliae elicitor or
distilled water for the controls. The yield of total RNA isolated
varied from 100 to 345 μg g−1 tissue for different methods of
isolation, treatment and tissue types used. The isolated RNA
appeared intact as indicated by distinct rRNA bands following
denaturing gel electrophoresis. The RNA was effectively
reverse transcribed and resulted in PCR reactions with identical
patterns in duplicate samples. Fig. 1a–b represents segments
from the typical DDRT-PCR electrophoresis profile. The results
indicate that the patterns of gene expression alter significantly in
elicitor-treated cells as compared to control cells. Both
quantitative and qualitative differences were observed. Experi-
ments were performed with two independently isolated mRNA
preparations to assure reproducibility. RT-PCR was performed
with the arbitrary H-AP 1–8 primers in combination with the
anchor primer H-T11A/G/C on isolated mRNA from both
cultured cells and leaf tissue (Table 1). Only bands that appeared
reproducible in duplicate PCR reactions and dependent on
reverse transcription were considered for further analysis. The
identified differentially displayed bands were cut from the dried
gel and the cDNA reamplified with the original primers. The
single band, reamplified amplicons allowed the calculation of
the fragment sizes (Table 2). The reverse Northern technique
was used to verify that cloned sequences represent true diffe-
rentially expressed mRNAs (Fig. 2).
Cell wall-related transcripts were identified with the H-AP1,
4, 5 and 6 primers for cultured cells and the H-AP2 and 5
primers for leaf disks. Sequences of cDNA clones (dbEST
sequences submitted to Genbank, Table 2) showed homology to
various genes which are involved in metabolism of carbohy-
drate precursors for cell wall synthesis. Sequence similarities
were initially identified by means of BLAST searches, withn in response to exposure to V. dahliae elicitor
V. dahliae elicitation
lase (NM_102846) Up-regulated
nnoside beta-1,4-N-acetyl-glucosaminyl-transferase
122180)
Up-regulated
Up-regulated
ase (AY128758) Up-regulated
543) Up-regulated
Down-regulated
(C) 
   i     ii    iii    iv
1 
 
2 
 3 
 4 
 (T) 
1 
 
2 
 
3 
 4 
i       ii     iii    iv
Fig. 2. Reverse Northern blot analysis indicating cDNA fragments up-regulated
following 50 μg mL−1 V. dahliae elicitor treatment. Total RNA was isolated
from control cotton cells (C) and cell cultures following 5 h V. dahliae elicitor
treatment (T). Amplicon C6B2 corresponds to coordinate (1i); L2B2 to (2i);
C4B13 to (2ii); C1B3 to (3iii) and L5B2 to (4i). Spots not referenced were from
non-cell wall-related genes.
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initial probability-based e-values that indicate the existence and
extent of homology are given in brackets. The cDNA amplicons
C1B3 (dbEST26312569), C4B13 (dbEST26312570), C5B7
(dbEST26312574), C6B2 (dbEST26312571), L2B2
(dbEST26312572), and L5B2 (dbEST26312573) each showed
homology to genes involved in carbohydrate metabolism or cell
wall component synthesis. The C1B3 fragment exhibited
homology (e=0.5) to an UDP-N-acetylglucosamine pyropho-
sphorylase-like protein from A. thaliana, C4B13 exhibited
sequence homology to an Arabidopsis glucosyltransferase-like
protein, similar to a glucosaminyltransferase, involved in
polysaccharide biosynthesis (e=0.8). Similarity of C4B13 to
beta-1,4-N-acetylglucosaminyltransferase from Homo sapiens
was also found with an e-value of 0.2. C6B2 exhibited sequence
homology to a cellulose synthase like protein (e=0.8), and
L2B2 to a 3-deoxy-D-manno-octulosonic acid transferase-like
protein (e=0.2), all from A. thaliana. L5B2 showed sequence
homology to a hydroxyproline-rich glycoprotein homolog from
A. thaliana (AY081543), e=0.4.
The up-regulation in expression of these mRNA transcripts
was confirmed by reverse Northern blots (Fig. 2). By contrast,
the expression of C5B7, coding for a proline-rich protein
homolog (e=0.9), was down-regulated.
4. Discussion
In the Golgi apparatus, N-acetylglucosaminyltransferase I
initiates the formation of complex N-linked glycans on
secretory glycoproteins that are derived from high-mannose
glycan precursors synthesised in the endoplasmic reticulum. It
was shown that a deficiency in GDP-mannose synthesis of the
dolichol-linked precursor, and so of N-glycans, is associated
with a five-fold reduction in cellulose content of A. thaliana cell
walls (Altmann et al., 2001; Lukowitz et al., 2001). These
results suggest a role for induction of N-linked glycosylation for
cellulose biosynthesis in defense against pathogens. Similarly, a
putative β-1,4-N-acetylglucosaminyltransferase III was induced
after benzothiadiazole carbothioic acid S-methyl ester (BTH, a
chemical inducer of systemic acquired resistance) treatment of
cucumber plants (Bovie et al., 2004).In addition to being a component of Gram-negative bacterial
cell walls, the sugar acid 3-deoxy-D-manno-octulosonate (KDO),
is also found in the rhamnogalacturonan II pectin fraction of the
primary cell walls of most higher plants (Royo et al., 2000;
Delmas et al., 2003). If assuming that KDO is exclusively found
in the rhamnogalacturonan II, highly complex carbohydrate
pectic fraction of the plant cell wall, it is expected that its
synthesis may be associated to the formation of the cell plate and
to cell cycle progression (Delmas et al., 2003). It can be expected
that cell wall synthesis would accompany cell wall strengthening.
If so, these results add importance to a role for cell wall synthesis
in cotton plants induced after pathogen attack.
Similarly, genes encoding proteins not previously implicated
in plant defense responses but associated with cell-wall synthesis
and modification, the cellulose synthase and cellulose synthase-
like proteins, were induced after A. thaliana treatment with
salicylic acid (Schenk et al., 2000). This correlates with the
results of this study where a cDNA corresponding to a cellulose
synthase-like protein (C6B2) and a glucosyl transferase-like
protein (C4B13) was identified after V. dahliae elicitor treatment.
Another class of structural compound considered to
contribute to plant cell wall reinforcement is that of the
hydroxyproline-rich glycoproteins (HRGPs). An increase in
wall-bound HRGPs has long been associated with resistance to
infection (Hammond-Kosack and Jones, 1996; Blumwald et al.,
1998; Ringli et al., 2001), and the up-regulation of cDNA L5B2
could be part of such an inducible response.
cDNA fragment C5B7 was down-regulated after V. dahliae
elicitor treatment. This fragment exhibited sequence homology to
a proline-rich protein family from A. thaliana (e=0.8). Pre-
viously, a bean gene coding for a proline-rich protein, was
reported to be down-regulated by fungal elicitors and it was
hypothesised that this likely cell wall protein is reduced because
of its low tyrosine content and therefore its low potential for wall
strengthening during the defense response (Zhang et al., 1993).
The reverse Northern dot blot was used to screen for false
positives and to eliminate cDNA fragments which do not truly
represent differentially expressed mRNAs. All the cloned
cDNAs, up-regulated after V. dahliae elicitor treatment were
selected, but down-regulated clones were not. It was found that
all five cDNA fragments up-regulated following V. dahliae
elicitor treatment were differentially expressed upon reverse
Northern screening (Fig. 2).
5. Conclusion
A large number of genes is involved in regulation of cotton
defense responses, each with its own kinetics of induction. The
DDRT-PCR approach proved effective to display differentially
expressed genes following perception of V. dahliae-derived
elicitors. Differentially displayed cDNA amplicons related to cell
wall synthesis and strengthening were identified using the primer
combinations as stated. It is probable that not all up-regulated
transcripts involved in cell wall biosynthesis were identified due
to the inherent limitations of PCR amplification from small
amounts of complex templates. As expected, the identified gene
homologs, none of which has previously been reported in cotton,
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responses such as lignification and pathogenesis related proteins
were not observed.
The cDNAs identified indicate that cotton tissues respond to
the presence of the V. dahliae elicitors through the activation of
expression of genes encoding (i) enzymes involved in the
synthesis of carbohydrate precursors for cell wall synthesis and
(ii) cell wall associated proteins. This indicates de novo cell wall
synthesis in cotton as an inducible, early defense response that
complements calcium-responsive, cell wall strengthening.
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